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Abstract
In the present article, models of traversable wormholes within the f(R,T ) modified
gravity theory are investigated. We have presented some wormhole models, developed
from various hypothesis for the substance of their matter, i.e. various relationships with
their components of pressure (lateral and radial). The solutions found for the shape
functions of the wormholes produced complies with the required metric conditions.
The suitability of solution is examined by exploring null, strong and dominant energy
conditions. It is surmised that the normal matter in the throat may pursue the energy
conditions yet the gravitational field exuding from the adjusted gravity hypothesis
support the appearance of the non-standard geometries of wormholes.
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1 Introduction
The exact solutions for wormholes (WH) were obtained connecting two distinct regions of
asymptotically flat space time in general relativity [1, 2], also as two distinct anti-de Sitter
or asymptotically de-Sitter regions [3]. Although, wormholes still have not been observed [4]
but attempts to achieve has been proposed [5–13]. Theoretically wormholes were predicted
a long time ago. Wormholes solutions were first proposed by Einstein and Rosen [14] with
event horizon. Many decades later, Morries and Thorne have suggested that wormholes can
be traversable, which violates the energy conditions, if filled with exotic matter [15].
In wormholes Physics, the presence of throat is the fundamental feature which sat-
isfy flaring-out conditions [16]. Other theories have been also suggested wormhole solu-
tions [17–26] and [27] for reviews. NEC for matter is also violated in these works. In fact,
the wormhole throat can be threaded by the normal matter in the framework of modified
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gravity theories and these nonstandard wormhole geometries are supported by the higher or-
der curvature term [16], which can be termed as gravitational fluid. Theoretically, wormholes
throats can be formulated in absence of exotic matter [28]. Wormholes were constructed by
non-minimal coupling in [29,30]. In modified gravity alone, the fundamental fields sustained
the wormhole throats using generic modified gravities [31]. Such solutions are also obtained
in [32–38]. Rosa et al. [16] found wormholes solutions in which the null energy conditions
(NEC) was obeyed by the matter not only at throat but everywhere in a hybrid generalized
metric-Palatini gravity, with action f(R,R).
Indeed, examination of wormhole solutions in various modified theories is a noteworthy
and important point in Theoretical Physics. The General Relativity (GR) could be ad-
justed in various perspectives. By the introduction of gravitational action of the f(R, T )
gravity in Ricci scalar R and the trace of energy momentum tensor T , T. Harko and fel-
low researchers [39] streamlined the f(R) theories [40–45] by replacing the function f(R)
with a random function f(R, T ). This f(R, T ) theory tested in Astrophysics of compact
objects [46–49], Thermodynamics [50, 51] and cosmology [52–63].
The work has been done on the cases ofWH geometry in f(R, T ) gravity , where the red-
shift function φ is not dependent on either time or spatial coordinate [64,65]. The spherically
symmetric and static wormholes are considered in f(R, T ) = f(R) + ΛT gravity with differ-
ent fluids [66]. The geometry (non-commutative) of wormholes with respect to Lorentzian
and Gaussian distributions of string theory is proposed as well as found the numerical and
exact solutions in modified f(R, T ) gravity [67]. An analytical approach is used to get the
wormhole solutions in f(R, T ) gravity [68]. An exponential shape function is defined for
wormholes and a comparison is made between f(R, T ) and f(R) gravity for the rationality
of energy conditions [69]. Wormholes are studied for two types of varying Chaplygin gas
and found the violation of dominated and null energy conditions in f(R, T ) gravity [70].
In [71], an exponential f(R, T ) gravity model has been considered and obtained solutions for
wormhole. The charged wormhole solutions are investigated in f(R, T ) gravity satisfying the
energy conditions [72]. Using Noether symmetry approach, wormhole solutions were investi-
gated for non dust and dust distributions in f(R, T ) gravity [73]. Considering the different
types of energy density, traversable wormhole solutions investigated in f(R, T ) gravity [74].
Wormhole solutions have been studied by various researchers in modified gravity theories in
various set-ups [75–79].
The fact that wormholes matter content is signified by an anisotropic fluid and T - depen-
dence of the f(R, T ) theory, which may be related to imperfect fluid forms the strong moti-
vation behind working with the wormholes in f(R, T ) gravity [68, 80]. Recently, traversable
wormhole are investigated for two particular types of shape functions and obtained worm-
hole structures filled with phantom fluid [81]. Further, traversable wormholes investigated
the in f(R, T ) gravity by taking a new form of f(R, T ) = R+2lnT function to minimize the
appearance of exotic matter near the throat of the wormhole [82].
Hence, in this paper, we have investigated the traversable wormholes by assuming func-
tional form of f(R, T ) = R + ΛT of f(R, T ) gravity, originally proposed by the authors [39]
considering the shape function given in [80], which has not been studied already.
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The paper is organized as follows: in Section II, a brief review is presented for the f(R, T )
theory. In Section III, the wormhole metric and its conditions are described. In Section IV,
we presented the field equation solution for the wormhole metric in the f(R, T ) gravity. In
Section V, we presented models of the wormhole. Our results are discussed in Section VI.
2 The basic formalism of f(R, T ) gravity
The theory of f(R, T ) gravity is given by the following action [39]
S =
1
16pi
∫
d4xf(R, T )
√−g +
∫
Lmd4x
√−g, (1)
where R is Ricci scalar and T is trace of the energy momentum tensor (EMT) in an arbitrary
function f(R, T ), g is the metric determinant and matter Lagrangian density is Lm. These
are connected to the EMT [83].
Tij = − 2√−g

∂(√−gLm)
∂gij
− ∂
∂xk
∂(
√−gLm)
∂(∂g
ij
∂xk
)

 . (2)
Moreover, units is taken such that c = 1 = G.
Following as [39,84], we consider Lm relies only on gij (metric component) and not depends
on its differential coefficients, such that we can get
Tij = −∂Lm
∂gij
+ gijLm. (3)
In the Eq. (1), the action S is varying with gij which provides the f(R, T ) field equations
[39] as
fR(R, T )
(
Rij − 13Rgij + 16f(R, T )gij
)
= 8piG
(
Tij − 12Tgij
)
− fT (R, T )
(
Tij − 13Tgij
)
−fT (R, T )
(
θij − 1
3
θgij
)
+▽i▽j fR(R, T ) (4)
with fR(R, T ) =
∂f(R,T )
∂R
, fT (R, T ) =
∂f(R,T )
∂T
and
θij = g
ij ∂Tij
∂gij
. (5)
Such theories of gravity f(R, T ) (as well as f(R,Lm)) can explain in their formalism a
non-minimal matter-geometry coupling. It suggests that research particles in the field (grav-
itational) are not going to obey geodesic lines in such theories. The geometry and matter
coupling prompts an additional force one behaves perpendicular to the four-velocity on the
particles.
Interestingly, an additional force relies on the Lagrangian structure of the matter [85].
It has been found in [86], by taking the total pressure of Lm = p with p, the additional
force disappear. However, more normal structures of Lm such as Lm = −ρ with ρ represents
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the density of energy are more common apparently and do not give the vanishing of the
additional force.
Assuming the Lagrangian matter in this paper as Lm = −ρ. It is therefore possible to
write an equation (5) as
θij = −2Tij − ρgij . (6)
Let us suppose the function f(R, T ) = 2f(T ) + R, where f(T ) is a random function of T .
The field equations (4) and (5 ) of f(R, T ) gravity takes the form
Rij − 1
2
Rgij = 8piTij + 2f
t(T )Tij + [2ρf
t(T ) + f(T )]gij, (7)
where Rij is Ricci tensor and f
t(T ) = df(T )
dT
. By taking f(T ) = λT , with a constant λ, we
can rewrite the above as
Gij = (8pi + 2λ)Tij + λ (2ρ+ T ) gij, (8)
where Gij is usual Einstein tensor. Such a f(R, T ) functional type assumption was originally
proposed in [39].
3 Wormhole Metric and Its Conditions
In Schwarzchild coordinate (t, r, θ, φ), the spherical symmetric wormhole metric is [87, 88]
ds2 = −U(r)dt2 + dr
2
V
+ r2dΩ2, (9)
where Ω2 = dθ2 + sin2θdφ2 and V = 1 − b(r)
r
. The U(r) that denotes redshift function and
the b(r) that denotes shape function given in Eq. (9) will follow the conditions mentioned
below [87, 88]
1. The coordinate r named as radial co-ordinate, ranges r0 ≤ r ≤ ∞, where r0 refers to
the radius of the throat.
2. The shape function (b(r)) fulfills the condition at the throat
b(r0) = r0, (10)
and for the out of throat i.e. for r > r0
0 < 1− b(r)
r
. (11)
3. The flaring out condition must be satisfied by shape function b(r) at the throat, i.e.
b′(r0) < 1, (12)
where superscript (′) represent derivative with respect to r
4. The limit required for asymptotically flatness of the space-time geometry
b(r)
r
→ 0 as |r| → ∞. (13)
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(a)
Figure 1: Nature of b(r), throat condition b(r) < r, flaring out condition b′(r) < 1 and
asymptotically flatness lim
r→∞
b(r)
r
= 0 for r0 = 1.
5. At the throat r0, redshift function U(r) must be non-vanishing and finite.
To achieve the anti-de Sitter and de Sitter asymptotic behavior, we can take U(r)= constant.
Since the re-scaled time coordinate can absorb a constant redshift, we take U(r) = 1, such
as [89, 90].
4 Solutions of Field Equations for Wormholes in f(R, T )
Gravity.
Considering that the description of matter is described by an anisotropic fluid of the form
T ij = diag {−ρ, pr, pl, pl} . (14)
Where ρ = ρ(r), pr = pr(r), pl = pl(r) are energy density, radial pressure and transverse
(measured orthogonal to radial directions) pressure, respectively and the trace T of the Eq.
(14) can be obtained as T = −ρ+ pr + 2pl.
The field equation components from Eq. (8) for the metric given by Eq. (9) with Eq.
(14) are obtained as :
b′
r2
= (8pi + λ) ρ− λ (pr + 2pl) , (15)
− b
r3
= λρ+ (8pi + 3λ) pr + 2λpl, (16)
b− b′r
2r3
= λρ+ λpr + (8pi + 4λ) pr, (17)
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(a) (b)
Figure 2: (a) NEC, ρ+ pr , (b) NEC, ρ+ pl .
(a) (b)
Figure 3: (a) SEC, ρ+ pr + 2pl, (b) DEC, ρ− pr.
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(a) (b)
Figure 4: (a) DEC, ρ− pl, (b) DEC, pl − pr.
the field equations given by Eqs. (15), (16) and(17), yields the following solutions
ρ =
b′
r2(8pi + 2λ)
, (18)
pr = − b
r3(8pi + 2λ)
, (19)
pl =
b− b′r
2r3(8pi + 2λ)
. (20)
5 Models of Wormholes
We shall investigate models of wormholes for two different shape functions in this section.
5.1 Shape Function b(r) = r0 log(r+1)log(r0+1)
For our first model we take radial pressure pr and energy density ρ related as
pr = ωρ, (21)
where equation of state parameter ω in terms of pr is called radial state parameter. The
f(R, T ) gravity model is considered with the shape function [81]
b(r) =
r0 log(r + 1)
log(r0 + 1)
. (22)
For this shape function, wormholes solutions are obtained. The energy density, radial
pressure, tangential pressure can be obtained by using field equations (18)- (20) as
ρ =
r0
(1 + r) ln (1 + r0) r2 (8 pi + 2 λ)
, (23)
7
pr =
r0 ln (1 + r)
ln (r0 + 1) r3 (8 pi + 2 λ)
, (24)
pl = 1/2
(
r0 ln (1 + r)
ln (r0 + 1)
− r0r
(1 + r) ln (1 + r0)
)
r−3 (8pi + 2λ)−1 , (25)
ρ+ pr =
1
2
r0 (r + r ln (1 + r) + ln (1 + r))
(1 + r) ln (r0 + 1) r3 (4 pi + λ)
, (26)
ρ+ pl =
1
4
r0 (r + r ln (1 + r) + ln (r + 1))
(1 + r) ln (r0 + 1) r3 (4 pi + λ)
, (27)
ρ+ pr + 2pl =
r0 ln (1 + r)
ln (r0 + 1) r3 (4 pi + λ)
, (28)
ρ− |pr| = r0
(1 + r) ln (r0 + 1) r2 (8 pi + 2 λ)
−
∣∣∣∣∣ r0 ln (1 + r)ln (r0 + 1) r3 (8 pi + 2 λ)
∣∣∣∣∣ , (29)
ρ−|pl| = r0
(1 + r) ln (r0 + 1) r2 (8 pi + 2 λ)
−1
2
∣∣∣∣∣
(
r0 ln (1 + r)
ln (r0 + 1)
− rr0
(1 + r) ln (r0 + 1)
)
r−3 (8 pi + 2 λ)−1
∣∣∣∣∣ ,
(30)
pl − pr = −1
4
r0 (r + ln (1 + r) r + ln (1 + r))
(1 + r) ln (r0 + 1) r3 (4 pi + λ)
. (31)
We can see directly from Fig. 1, that all the conditions i.e. fundamental needs of shape
functions, such as throat condition, flaring out condition and typical asymptotically flatness
condition are satisfied for WH geometry. It can be observed from Eqs. (26, 27) and Figs. 2(a)
and 2(b) the validation region of null energy condition (NEC) i.e. ρ+ pr ≥ 0 and ρ+ pl ≥ 0.
This is the weakest restriction and just represents the attractive nature of gravity.
The strong energy condition (SEC) derives from the attractive nature of gravity and its
shape arises directly from the analysis of a spherically symmetrical metric in the GR system.
From (28) the SEC is plotted in Fig. 3(a). The SEC ρ + pr + 2pl is found to be positive,
decreasing and tending towards zero with the increment of r.
The dominant energy condition (DEC) limited the rate of the transfer of energy to the
speed of light. DECs are obtained in Eqs. (29, 30). DEC is plotted in Figs 3(b) and 4(a).
one can observe that violation of ρ ≥ |pr| for present model. We also observe from Fig. 4(b),
that anisotropy parameter is negative with change in r, which signifies that the geometry is
of attractive nature.
5.2 Shape Function b(r) = r0
(
r
r0
)γ
, 0 < γ < 1.
In this model, the wormholes solutions are obtained by using the shape function b(r) =
r0
(
r
r0
)γ
, 0 < γ < 1 (see in [81]). In this case energy density ρ, radial pressure pr, tangential
pressure pl are obtained by using field equations (18)-(20)
ρ = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 (32)
pr = r0
(
r
r0
)γ
r−3 (8 pi + 2 λ)−1 (33)
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(a)
Figure 5: Nature of b(r), throat condition b(r) < r, flaring out condition b′(r) < 1 and
asymptotically flatness lim
r→∞
b(r)
r
= 0 for r0 = 1.
pl = 1/2
(
r0
(
r
r0
)γ
− r0
(
r
r0
)γ
γ
)
r−3 (8 pi + 2 λ)−1 (34)
ρ+ pr = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 + r0
(
r
r0
)γ
r−3 (8 pi + 2 λ)−1 (35)
ρ− pl = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 + 1/2
(
r0
(
r
r0
)γ
− r0
(
r
r0
)γ
γ
)
r−3 (8 pi + 2 λ)−1 (36)
ρ+ pr + 2pl = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 + r0
(
r
r0
)γ
r−3 (8 pi + 2 λ)−1
+
(
r0
(
r
r0
)γ
− r0
(
r
r0
)γ
γ
)
r−3 (8 pi + 2 λ)−1 (37)
ρ− |pr| = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 −
∣∣∣∣r0
(
r
r0
)γ
r−3 (8 pi + 2 λ)−1
∣∣∣∣ (38)
ρ− |pl| = r0
(
r
r0
)γ
γr−3 (8 pi + 2 λ)−1 − 1/2
∣∣∣∣
(
r0
(
r
r0
)γ
− r0
(
r
r0
)γ
γ
)
r−3 (8 pi + 2 λ)−1
∣∣∣∣
(39)
pl − pr = 1/2
(
r0
(
r
r0
)γ
− r0
(
r
r0
)γ
γ
)
r−3 (8 pi + 2 λ)−1 − r0
(
r
r0
)γ
r−3 (8 pi + 2 λ)−1 (40)
We can also see from Fig. 5 that all the conditions mentioned earlier for WH geometry
are satisfied for second model. Further, in Figs 6(a) and 6(b) we plot the validity region of
NEC (ρ > o). The validity of SEC can also be seen in Fig. 7(a). One can observe from Fig.
7(b) that violation of DEC (ρ > |pr|). ρ− pl is positive as r increases shown in Fig. 8(a). It
can be seen from Fig. 8(b), that anisotropy parameter is negative with change in r, which
signifies that the geometry is of attractive nature.
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(a) (b)
Figure 6: (a) NEC, ρ+ pr, (b) NEC, ρ+ pl.
(a) (b)
Figure 7: (a) SEC, ρ+ pr + 2pl , (b) DEC, ρ− pr.
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(a) (b)
Figure 8: (a) DEC, ρ− pl , (b) DEC, pl − pr .
6 Discussion
Modified gravitational theories have received considerable attention over the last few decades
as a possible alternative to GR. The paramount feature of wormholes geometries are non-
vacuum solutions of Einstein’s field equations. According to this theory they are filled with
a matter which is different from the normal matter and is known as exotic matter. Several
researchers found exotic matter to be very useful in examining whether different modified
gravity models were responsible for violating energy conditions via the effective energy mo-
mentum tensors while the usual matter obey these conditions. [87, 88]. In the present paper
we explored different models of static wormhole solutions with two different shape functions
b(r) = r0 log(r+1)
log(r0+1)
and b(r) = r0
(
r
r0
)γ
, 0 < γ < 1 in the theory of f(R, T ) gravity. One can
observe from Fig. 1 and Fig. 5 that both the shape functions satisfies throat condition,
flaring out condition and typical asymptotically flatness condition for WH geometry.
Furthermore, redshift function U(r) is assumed to be constant, it indicates that a theo-
retical traveler’s tidal gravitational force is null. In both cases we found that the geometries
of the wormhole can exist even if the NEC is not violated by the usual matter i.e. it is not
the exotic matter that threads the WH, but these are the extra curvature ingredients that
sustained the wormhole in a modified gravity context [88]. We analyzed the nature of SEC
and WEC in the context of f(R, T ) gravity with two different types of shape functions to
investigate this study. We emphasized the details of static wormhole geometry with variable
shape function and constant redshift.
In both the models, it is observed that, for appropriate values of the parameters, we have
obtain a wormhole solution with valid NEC and SEC, while DEC is also satisfied in terms of
pl and only DEC is violated in terms of pr. The presence of these solutions is in compliance
with the understanding that traversable wormholes enabled by additional fundamental grav-
itational fields can occur without the need for exotic matter. On the other hand, the rather
11
realistic construction needed to build a complete space-time wormhole solution may suggest
that in this class of theories there are not many such solutions around.
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